Sandia

Exceptional service in the national interest National -
Laboratories

— 20 ppm £Zn
— 15 ppm Zn

10 ppm Zn
9 ppm Zn
8 ppm Zn
7 ppm Zn
6 ppm Zn
5 ppm Zn
4 ppm Zn
3 ppm Zn
0 ppm Zn

900} 35% KOH Gd

o
S
4
2
=
S
g
S

600

Current (pA}
. Separator
Membrane

300

| 5 ppm Bi
2.5 ppm Cd, Pb_
2.5 ppm Cd, Pb “T—zn©H  0.5% ZnO

1 r

-1.6 -1.0 -0.5 0.0

KOH or NaOH | 1 1 *‘“’ KOH or NaOH

Potential vs. Hg/HgO

Screening of Alkalihe Battery Separators
Using Anodic Stripping Voltammetry

October 11, 2017
Jonathon Duay, Timothy N. Lambert, and Ruby Aidun

F T, LS DEPARTMENT OF FPYR T =" Sandia National Laboratories is a muttission laboratory managed and operated by National Technology and Engineering
“Z/ENERGY E_h!:.ﬁd?_n'-% Solutions of Sandia, LLC, a wholly owned subsidiary of Hong¢

National Nuclear Security Administration under contractiD&003525




Rechargeable Alkaline ZrMnO, Batteries ...

Zn-MnQO,

Separators: Cheap

MnO,

A ~$1-2 perlb A Potash ~ $260 per ton A ~$1perlb
A Mn, 12t most abundant A Abundant A 25t most abundant
A 16,000,000 tons (2012) A Aqueous A 13,000,000 tons (2012)
A Safe A > Safety than Li-org A Safe
Co  $13-15/b  Li $2.5/lb
Vv $11-12/lb | Al $0.8-0.9/Ib
Ni $6-9/1b Cu  $2.5-3.5/b

The ultimate challenge in Zn/MnQ batteries igeversibility to increase cell lifetime
2




Rechargeable Alkaline ZrMnO , Batteries
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MnO, Zn
Separators

Mn(OH), ZnO
Mn'VO, + H,0 + & <——>= Mn"OOH + OH- E°=0.26 V (Hg/HgO)
Mn"OOH + H,0 + 30H <= Mn'l(OH)*

EO0=-0.38 V (Hg/HgO
Mn'(OH)g3- + ¢ e Mn!l(OH), + 40H- (Hg/HgO)
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Faillure Mechanisms of MnQ, Cathode .

Mn,O,
ZnMn,0O,

: ?
c

formation regime

1. Instability of Mn(lll) resulting in formation of irreversibl#in ;O,
2. Zn poisoningforming irreversibleZnMn ,0,




Need for Selective Separator

INC ELECTRODE,
INTRODUCED

_ﬁ, 7

Wroblowaet al., J.Electrochem Soc.(1988)pp. 24152418
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Research by Ford in the 1980:
showed that the Mn{rathode
could be stabilized at low
loadings in thebsence of Zinc

Full 2e- MnO,, cathodes
have been shown to be

100% reversible but

Fig. 5. Effect of the introduction of zinc on capacity retention of
modified MnO, electrodes: 1) chemically modified electrode; 2) physi-
cally modified electrode; 3) physically modified electrode in 9M KOH
+ 0.1M Zn(OH),".

only in the absence of
Zinc thusthere is an
Imperative need for
Zinc/Zincate blocking
separators




Features of a Good Zn Battery Separator

OH,
High lonic Conductivity

Metric: Electrochemical Impedance

Cathode
Low Zincate Permeability

Metric: Zinc Diffusion Coefficient

Zn(OH),2
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Features of a Good Zn Battery Separator )i

Laboratories

OH,
High lonic Conductivity

Metric: Electrochemical Impedance

Cathode

Zn(OH),>

Low Zincate Permeabiliiy

Metric: Zinc Diffusion Coefficient

A rapid screening method for the determination of Zn (zincate)
membrane/separator permeability is needed
;




Analysis Techniques ICP/MS ) i,

Sampling, Dilutions, and Calibration Solutions

Separator
Membrane

30-35 wt%
KOH or NaOH

-time Iintensive Instrumentation
-lots of glassware _
= o)

-requires acidic solutions (2% HND @!

-requires total dissolved solids <0.2% ] T /l' |~
-hugedilution >300X PN

-expensive bUIky equipment Inductively Coupled PlasmiaMass Spectromete
8




Analysis Techniques: Complexometric TitratipR:,

Laboratories

ColormetricTitration W/EDTA Instrumentation

Or

UV/Vis Spectrometer

-Difficult Endpoint Determination

-Requires pH O 11

-Use of ammonium buffer

-Dilution >20X

-ppm limits of detection o




Anodic Stripping Voltammetry (ASV) )

-historically done on Hg drop electrodes |
-done in buffered solutions

A Oxidation/Cleaning of Electrode
+
I
&
b
8 B (())fx,ij:tt;cl)n/Stripping
s Plating/Accumulation Wikipedia . . T - . v T
of Metal -1.2 0.8 -0.4 0.0
Time —— EIV
Analyst 2012 137, pp. 614617

Sensitive

-limits of detection (LOD): pplevels

Selective

-different metals are resolved by their stripping/oxidation potentia




ASV with in situ Plated Bi Films ) i,

-Bi film electrodes increasingly replacing Hg e

Bi film electrodes In situ Plated BI Films

-less toxic than Hg. working Hlectrodd |eas
-low sensitivity to dissolved oxygen
-better reproducibility
-no need for electrode conditioning

| B

buffered pH< 7 solutions

-Bi is plated onto an passive
electrodewith the elementof interest
-During stripping, the element of
interestis strippedfrom the Bi film

Typically done in buffered pH ~4 solutions due to insoluble metal
oxides at higher pH levels 1




Alkaline Aqueous Chemistry (pH>14) )

Laboratories

Insoluble metal oxides become soluble by hydroxide complexation

ZnQ(s) + HO + 20H A Zn(OH),?
PbQs) + HO + OH A Ph(OH),
CdQ(s) + HO + OH A Cd(OH);
Bi,O4(s) + 3HO + 20H A 2Bi(OH),"

00 ¢

10

TE

This allows for the opportunity & :
to use ASV to measure Znion |
species in highly alkaline B
environments for the first time o000t |

12

pH After EPA, 1983
http://www.porexfiltration.com/learningenter/technology/precipitatiemicrofiltration/ 12




Zinc ASV Curves for Various Films
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Zinc ASV Curves for Various Films

Current (MA)

500

400

300

200

100

Zn

Cd

Cd

Pb

iv. 5 ppm Zn Bi

iv. 5ppm Zn Bi
2.5 ppm Pb Cd

.5 ppm Cd Pb

iii. 5 ppm Zn Bi
25 ppm Pb iii. 5ppm Zn
2.5 ppm Cd Pb

ii. 5ppm Zn

ii. 5 ppm Zn Bi 2.5 ppm Pb

i. 5 ppm Zn i. 5ppm Zn
] ] ] ] 1 ] ]

PR B
-1.5
Potential vs. Hg/HgO Potential vs. Hg/HgO

-10 -05 00 15 -10 -05 0.0

Sandia
National
Laboratories




Zinc ASV Curves for Various Films 7
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Zinc ASV Curves for Various Films ) e,

Laboratories
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Zinc stripping peak is only well  -defined and Gaussian in the
presence of Bi, Cd, and Pb« ZK\"
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